Introduction strong association, although significant risks have been identified in some reports (5) . However, a similar relationship between international incidence of colon cancer and dietary fat intake has been confirmed in subsequent studies (2) . Moreover, certain kinds of fat may be protective: olive oil consumption, for example, has been associated with reduced risk of breast cancer (6) . Therefore, it may be argued that the measurement of dose as fat intake requires greater precision in epidemiologic studies of breast cancer.
Likewise, our inability to quantitate exposure in studies of the environmental etiology of the disease may explain the lack of substantive evidence on environmental exposures and risk of breast cancer. Two notable exceptions exist. Evidence for risk of breast cancer from exposure to ionizing radiation is quite strong, and risk associated with alcohol intake has gained acceptance ( Table 1) .
Mechanistic Considerations
In the 1950s, Armitage and Doll (7) advanced the theory of multistage carcinogenesis, based on the observed slope of six for log-incidence versus log-age curves ( Figure 1 Family history of breast or ovarian cancer constitutes a well-known risk factor for breast cancer. However, family history accounts for only 5 to 10% of the incidence of breast cancer (1) . Szabo and King (10) consider inheritance of mutations in BRCA1, BRCA2, p53, ataxia telangiectasia, androgen receptor, ras and estrogen receptor to be important risk factors. Variants among some of these genes are thought to explain familial breast cancer risk. However, inherited mutations in these genes altogether contribute less than 15% to breast cancer risk. In addition, not all women who inherit an aberration in BRCAI develop breast cancer, which suggests that a gene-environment or gene-gene interaction may be responsible for its ultimate effect (11, 12) .
Other genetic factors may be more important, especially in terms of gene-environment interactions. In particular, certain enzymes have the potential to metabolize environmental agents to procarcinogens and ultimate carcinogens. These proteins are polymorphic and some variants are more or less efficient for activation or detoxification ( Table 2 ). The prevalence of specific variants may further vary by ethnicity (Table 2) , and one report has found an increased risk of breast cancer among African-American women who harbor an MsPI variant in CYPIAI (13) . Additional risk may arise when specific exposures are experienced by individuals with an at-risk genotype. For example, Ambrosone et al. (14) have reported greatly elevated risk among women who were slow acetylators (deficient in NA T2) who also had a long history of heavy cigarette smoking. This is consistent with observations that persons who lack the capacity to acetylate aromatic amines are at greater risk for bladder cancer following exposure to aniline dyes (15 (17) (18) (19) and correlations with occupational exposures (20) (21) (22) 
Timing of Exposures
An essential characteristic of the model for mammary tumorigenesis (Figure 2 ) is that the time at which exposures occur is (26) , induce tumor-cell proliferation (27) , and promote mammary tumor formation in rodents (28, 29) . The hallmark of estrogen response in the rodent is increased uterine weight, an effect observed with a wide range of environmental agents (Table 4) . (26, (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) . In wildlife, feminization of alligators (40) has been attributed to organochlorine exposures. Experimental studies in turtles have elicited male-to-female gender alterations with exposure to PCB metabolites (41) .
Several reports have suggested an association between exposure to DDT and breast cancer risk (42) (43) (44) . In these studies, persistent organochlorines were determined in individual women, providing an integrated measure of long-term internal dose. Several epidemiologic studies are underway to darify the relationship of DDT exposure to breast cancer. Observations of curtailed lactation among women with elevated DDT exposures (Figure 3 ) suggest that organochlorines can exert hormonal effects in humans.
In contrast, other compounds, induding TCDD, are antiestrogenic (45) and inhibit tumor growth in rodents (46, 47) . Exposure to TCDD delays onset of puberty in female rodents and reduces uterine weight (Table 4 and above) .
Though quite limited, data in humans are consistent with the antiestrogenic effects of TCDD. In young men exposed perinatally to dioxinlike PCBs and polychlorinated dibenzofurans, delayed development of male reproductive organs has (76) . been observed (48) . Deficits of breast and uterine cancer have been seen in Seveso, Italy, during 10 years following an industrial accident that produced TCDD emissions (49) . Other reports, however, suggest elevated breast cancer mortality among women with longer term exposure to TCDD (50, 51) . Thus it may be that short term exposure to TCDD is protective, while long-term exposure to dioxin, which is otherwise a potent animal carcinogen, enhances breast cancer risk.
Experimental data on PCBs indicate that these compounds may produce either agonist or antagonist responses in hormonal systems. Both structure and relative rate of metabolism, i.e., biological half-life, control what hormonal effects may occur in humans (52 (55) . Lower hormone levels and reduction in cancer risk may result from a combination of factors, including a high fiber, low fat, low calorie diet as well as high levels of phytoestrogens and antioxidants. In Singapore, an investigation of dietary components related to breast cancer risk suggested that high soy intake was protective and that meat intake was a risk factor (56) .
The hormonal activity of soy constituents has been widely studied, and recent findings show that single isoflavones can be either estrogenic or antiestrogenic in different circumstances. Whether an agonist or antagonist affects results is dependent upon the dose level (high or low) and the timing of exposure. Genistein, an isoflavone found in soy products, inhibits mammary tumorigenesis in rats (57) . Coumestrol, like antiestrogenic PCBs and TCDD, causes premature anovulation in rats, whereas an estrogenic PCB (Aroclor 1221) or DDT can hasten the onset of puberty (Table 4) . Another isoflavone, zearalenone, given to mice before day 5 of age delays puberty but after day 5 causes earlier onset of puberty (58) .
Understanding 
